Aim: To analyse the association between potential environmental exposure to hydrocarbons and the risk of acute childhood leukaemia. Methods: A hospital based multicentre case control study, stratified on centre, age, and sex, with 280 leukaemia cases and 285 controls was carried out. Data were collected by a standardised interview of the mothers. Results: No clear association was seen between maternal occupational exposure to hydrocarbons during pregnancy and leukaemia, or between residential traffic density and leukaemia. There was an association between dwellings neighbouring a petrol station or a repair garage during childhood and the risk of childhood leukaemia (OR 4.0, 95% CI 1.5 to 10.3), with a duration trend. The association, which appeared particularly strong for acute non-lymphocytic leukaemia (OR 7.7, 95% CI 1.7 to 34.3), was not altered by adjustment for potential confounding factors. Conclusions: Results showed an association between acute childhood leukaemia and dwellings neighbouring auto repair garages and petrol stations, which are benzene emitting sources. These findings could be due to chance, although the strength of the association and the duration trend are arguments for a causal association.
A cute leukaemia (AL) is the most frequent malignant disease in children, though it fortunately still remains relatively rare, with an incidence rate of 4 in 100 000 per year in developed countries. 1 Only a small number of risk factors related to childhood AL have been identified, namely exposure to high doses of ionising radiation, trisomy 21, certain rare diseases (Fanconi's anaemia, ataxia-telangiectasia, type 1 neurofibromatosis), and certain chemotherapies.
Epidemiological studies have shown a clear association between occupational exposure to benzene and AL in adults, especially acute non-lymphocytic leukaemia. This association was shown for workers of the rubber industry, where exposure level to benzene used to be very high in the past. 2 3 However, direct implication of exposure to benzene in childhood leukaemia has never been reported. In fact, environmental exposure levels, which children might be exposed to, are very low compared to those of the historic cohort of rubber workers. 2 The goal of the present study was to determine the role played by exposure to certain hydrocarbons in the risk of childhood leukaemia. Hence, the review of literature focused on two different kinds of children's potential exposure to hydrocarbons: in utero exposure through maternal occupational exposure to hydrocarbons, and in utero or childhood exposure to environmental hydrocarbons.
We identified seven case-control studies dealing with maternal occupational exposure to hydrocarbons during pregnancy and childhood leukaemia. [4] [5] [6] [7] [8] [9] [10] Five reported a positive association between occupational exposure to different hydrocarbons and AL, [6] [7] [8] [9] [10] although the association was statistically significant in only three of the studies. 7 8 10 The association was particularly strong for benzene and nonlymphocytic acute leukaemia.
Different kinds of geographical studies have been carried out to determine the relation between children's dwellings in the neighbourhood of certain potential hydrocarbon pollution sources (for example, oil refineries, petrol tanks and stations) and AL. [11] [12] [13] [14] [15] [16] Knox found that clusters of cases were significantly closer to oil refineries or depots than controls. 12 Reynolds et al showed a statistically significant association between a hazardous air pollutants exposure score and childhood leukaemia. 17 Five case-control studies as well as one geographical study focused on the role of exposure to automobile emissions and childhood AL. 11 18-23 Four of the six studies showed a positive association between different indicators of air pollution or heavy traffic in the vicinity of children's dwellings and AL. Two of them were statistically significant. 19 20 22 In the present study we analysed the relation between acute childhood leukaemia and repair garages, petrol stations, high traffic roads in the proximity of children's dwellings, as well as maternal occupational exposure to hydrocarbons during pregnancy. This paper is based on a case-control study investigating potential environmental and genetic leukaemia risk factors.
SUBJECTS AND METHODS

Subjects
The study was a multicentre hospital based case-control study, which has been described elsewhere. [24] [25] [26] The hospital based design was chosen since case and control blood samples were required, with the approval from an ethics committee. Cases were identified from hospitals of four centres: Nancy, Lille, Lyon, and Paris. To be eligible for the study, children aged 0-14 years at the time of diagnosis had to be newly diagnosed with acute leukaemia (AL) between 1 January 1995 and 31 December 1999. Acute leukaemia cases occurring after chemotherapy were excluded. Diagnosis was based on cytology and immunophenotype. The cases and controls were frequency matched on sex, age, centre, and ethnic origin. In each centre, the same interviewer was responsible for the inclusion of both cases and controls and for the local frequency matching on age and sex. All the mothers of eligible cases or controls who were present during the interviewers' working hours were asked for participating in the study. Controls were recruited in the same hospitals as cases among children aged less than 15 years, living in the same area as cases, and hospitalised for acute pathologies, mainly traumatic (51%) and non-traumatic (34%) orthopaedic diseases. Many different diagnostic categories were included in order to avoid selection biases in the event that a particular disease was related to the exposures of interest. However, children hospitalised for cancer or a major congenital malformation were not eligible for the study, since those diseases may share risk factors with leukaemia. The oncology departments recruit patients from more distant places than do control departments, and this could have introduced bias. In order to keep cases and controls comparable in terms of socioeconomic category and rural/ urban status, only children living in the same administrative region as the hospital location were included in the study.
Among the mothers of the 282 eligible cases, two mothers refused to participate. Thus, 280 acute leukaemia cases were included in the study. Among them, 40 were diagnosed with acute non-lymphocytic leukaemia (ANLL), comprising 4 M0, 10 M1-M2, and 18 M4-M5 morphological types, and 240 with acute lymphocytic leukaemia (ALL).
Among the 291 eligible controls, four were excluded-one because the child was adopted and the three others because their mothers decided to stop the interview before the questionnaire on residential history was completed. Two control mothers refused to participate.
Data collection
Data were collected by specifically trained medical doctors through a face-to-face interview of the mothers of the children (cases and controls), after having given written informed consent. The interview of the case mothers was conducted during the first remission period of the disease (on average, two months after diagnosis and beginning of treatment). Case and control mothers were interviewed under strictly similar conditions, at the same period, using a standardised questionnaire.
For all children, a history of exposure to hydrocarbons at each of their different dwelling places was taken. The period investigated spanned from date of conception to date of diagnosis or interview (controls). In utero exposure and childhood exposure were considered separately. Among the different types of exposure investigated was the existence of a neighbouring business, and especially an automobile repair garage or a petrol station.
By ''neighbouring business'' was meant a property adjoining the child's dwelling. Questions were also asked to determine the possible exposure to heavy traffic roads in the vicinity (,50 metres) of the children's homes. The questionnaire also included questions on parental occupations, which were coded using international codes for job titles and industrial activities. For the categorisation of jobs with respect to potential exposure to benzene and other solvents, we used a basic job-exposure matrix we had developed with industrial hygienists for previous studies. 28 A checklist of closed questions on mothers' tasks during their pregnancy was also included in the questionnaire, with explicit items on solvent exposure.
Methods
Odds ratios (ORs) were calculated by unconditional logistic regression (SAS software package), including matching variables age, sex, centre, and ethnic origin. We calculated 95% confidence intervals (CI) for all odds ratios. Minimal detectable odds ratios for a study of 280 cases and 280 controls, with a statistical power of 80% (alpha = 0.05) were 1.6 and 2.2 respectively for a 30% and a 5% frequency for a given exposure in the control group.
RESULTS
No difference was observed between cases and controls on the matching variables sex, origin, and centre (table 1) . Sixty per cent of the cases were 2-6 years old, whereas only 45% of the controls were in that age group. This was due to the difficulty of recruiting enough controls 2-3 years old, which corresponds to the age of the peak incidence of AL.
We found no significant difference between cases and controls regarding socioeconomic status and level of education of the parents, family situation, or urban and rural dwelling status.
Exposure to a neighbouring repair garage or petrol station Positive associations were observed between AL and exposure to a close neighbouring repair garage or petrol station for both periods: in utero and childhood (table 2). The association was statistically significant for the latter period (OR 4.0 95% CI 1.5 to 10.3).
The odds ratios for the subgroups of ANLL and ALL were respectively 7.7 (95% CI 1.7 to 34.3) and 3.6 (95% CI 1.3 to 9.9) for exposure during childhood (table 3) .
Exposures to petrol stations during intrauterine life and during childhood were strongly associated. Although confidence intervals were large, the association between exposure to a petrol station and AL appeared to be stronger when it spanned over the childhood period only (five cases and one control, OR 9.3, 95% CI 1.0 to 88.4) rather than over the in utero period only (one case and two controls). An OR of 3.1 (95% CI 1.0 to 8.9) was associated with exposure in utero and during childhood (12 cases and six controls).
A positive, statistically significant trend (OR 1.03, 95% CI 1.01 to 1.05, per month of exposure) was found between duration of childhood exposure to a neighbouring repair garage or petrol station and AL (table 4) .
The association remained statistically significant (OR 3.4, 95% CI 1.3 to 9.1) when only those children were classified as exposed, whose exposure started at least one year prior to AL diagnosis or interview (controls), though, in that case, the duration trend was no longer consistent.
A sensitivity analysis on the potential impact of the missing values concerning exposure to petrol stations or repair garages was carried out. In the case that all missing values stemmed either from exposed children only or from unexposed children only, the odds ratios would remain statistically significant: respectively OR 2.3 (95% CI 1.1 to 4.6) and OR 3.8 (95% CI 1.5 to 9.9). In the case that all missing values in cases stemmed from unexposed children and all missing values in controls stemmed from exposed children, the odds ratio would be 1.5 (95% CI 0.7 to 3.1).
Unlike for neighbouring garages, no association was found between AL and other close neighbouring businesses, which included: aluminium, plastic, wood and metalwork, horticulture, processing laboratory (photography), printing plant, bakery, textile and ceramics making, slaughterhouse, retail (paints, mirrors, electric supply), transportation, and service corporations. The number of different businesses was 1 or 2 for each business type.
Exposure to high traffic roads
No association was found between the existence of high traffic roads within a 50 metre distance of the children's homes and AL, neither during the in utero period nor during the childhood period (table 5). Adjusting for rural or urban location did not have any influence on the risk estimates.
Adjustment for potential confounders previously identified, [24] [25] [26] such as family history of solid tumour or haematological neoplasm, early common infection, day care attendance, and breast feeding, and for high traffic roads did not modify the association between exposure to garages and AL.
Maternal occupational exposure to hydrocarbons during pregnancy No case or control mother worked in a laboratory or industry with exposure to benzene. Two control mothers and no case mothers were employed as petrol station cashiers. Only very few mothers declared having been exposed to glues, paints, or varnishes containing organic solvents (seven cases and four controls, OR 1.7, 95% CI 0.5 to 60).
DISCUSSION
An association between a history of childhood dwelling next to a repair garage or petrol station and childhood leukaemia was observed. Selection of cases and controls did not depend directly on the type of neighbourhood of the dwellings. Therefore, a selection bias on the neighbouring garage variable would only have been introduced, if it were related to another factor that might itself have influenced inclusion and exclusion of cases and controls, such as parental socioeconomic status or academic level. In the present study, no statistically significant difference concerning these variables was found between cases and controls. Furthermore, the neighbouring garage variable was not associated with these sociodemographic factors. The hospital based design of the study was chosen since case and control blood samples were required. Special care was therefore paid to selecting an appropriate control group. Controls were included from many diagnostic categories, none of those categories being related to the variables of interest. In a recent paper, Infante-Rivard analysed the possibility of differential reporting of exposures in a case-control study on childhood leukaemia using either hospital or population controls. 29 Both control groups appeared comparable according to socioeconomic characteristics, and evidencing no systematic reporting bias, although the odds ratio tended to be more often closer to 1 with hospital controls. This observation suggests that the present findings are unlikely to be attributable to the hospital based design of our study.
Over-declaration by the cases' mothers of risk factors, which they might deem possibly related to the disease of their children, cannot be excluded. This could introduce a differential error of classification and thus create a false statistical association between these risk factors and AL.
The question about the presence of a neighbouring garage or petrol station next to the index child's house was quite unambiguous, which should have limited over-or underdeclaration. Moreover, for other variables, which might also be considered as risk factors and therefore susceptible to the same type of misclassification, no association with AL was found (for example, neighbouring businesses other than garages and petrol stations, high traffic roads). Finally, there is no particular public concern about a potential relation between repair garages or petrol stations and leukaemia.
Classification of missing values is also susceptible to introduce errors. A sensitivity analysis of the impact of these missing values on the estimated odds ratios was carried out. It showed that odds ratios always remained greater than 1 (between 1.5 and 4) and that loss of the statistically significant association would only occur for a very unlikely distribution of garage exposure between cases and controls among these missing values.
Confounders might have influenced our findings. We therefore introduced a variety of possible confounding factors in our model in order to test the consistency of the association between neighbouring garages and AL. Among them were variables previously identified as related to AL (family history of solid tumour or haematological neoplasm, early common infections, and day-care attendance 25 26 ). We also introduced simultaneously the variables related to neighbouring garages and petrol stations, and proximity of high traffic roads. Adjusting for these factors did not alter the results. Although exposure to neighbouring garages and petrol stations concerned only a small number of children, we observed a positive, statistically significant duration trend (OR 1.4 per year of exposure, p for trend ,0.05).
Benzene exposure has been studied in occupational medicine (rubber industry, Pliofilm cohort) and is now an established cause of AL in adults, especially ANLL. It has therefore been classified in group 1 (carcinogenic substances) by IARC. 27 30 Unleaded fuel, which is very largely distributed, contains small amounts of benzene. Moreover, the benzene concentration in air around petrol stations during refuelling may be relatively high compared to the environmental background concentration. 2 As far as we know, exposure to neighbouring auto-repair garages and petrol stations, in relation to acute childhood leukaemia, has never been analysed in a case-control study. The few studies in the literature concerning AL and residential exposure to hydrocarbons are geographical studies that deal with a variety of hydrocarbon emitting sources (oil refineries, tanks and petrol stations). [11] [12] [13] [14] [15] [16] In these studies, the distance between pollution sources and dwellings has been determined by geographical means and ranges from 100 to 7500 metres. Adjoining sources have not been studied specifically. Harrison et al found a non-statistically significant association between children living in a 100 metre range of a petrol station and AL (OR 1.99, 95% CI 0.73 to 5.43).
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Because of a very different methodology, the results of these studies cannot be easily compared with the findings of our case-control study.
Rinsky et al used data from the Pliofilm cohort study to construct a dose-response relation for adult workers between cumulative exposure to benzene and risk of AL. 31 According to that equation, to obtain an odds ratio of 4, a five year exposure to an air concentration of 77 mg/m 3 of benzene would be necessary (24 hours-a-day, 7 days-a-week exposure). This is an extremely high concentration, which might only have been observed in the rubber industry, prior to enforcement of more stringent regulations. Environmental background concentration is around 4 mg/m 3 , 2 and during refuelling, air peak concentration, very close to the pump, may reach 1-10 mg/m 3 . Therefore, if the observed association reflected a causal relation, children's sensitivity to benzene regarding the risk of developing AL would be much higher than adults'. This hypothesis needs to be confirmed by further investigations. In particular, the possible involvement of other substances emitted by petrol stations cannot be excluded.
In the present study several independent aetiological hypotheses were tested, including questions about family cancer history, early childhood infections, day care attendance, breast feeding, and potential environmental exposure to hydrocarbons. Thus, many statistical tests were carried out and some of them may have been statistically significant by mere chance. Concerning the neighbouring garages, the strength and the specificity of the association, the duration trend, and the plausibility are arguments against a random association.
Unlike for the exposure to neighbouring petrol stations, our results did not confirm the findings of certain studies, which showed an association between maternal occupational exposure during pregnancy to hydrocarbons and AL, 7 9 or between high traffic roads in the vicinity of children's dwellings and AL. 20 22 A limit of our results concerning roads was that the exposure was self declared and that distance to the roads is probably collected approximately. Since no objective criterion of the actual local air pollution or the traffic density was available, it is possible that the highest exposure group was diluted in the lower exposure groups. Concerning occupational exposure during pregnancy to hydrocarbons, the number of exposed mothers was very small. Undeclared occupational exposures are possible, but would probably not have concerned benzene.
Conclusion
The present study showed an association between childhood AL and dwellings neighbouring auto-repair garages and petrol stations, which possibly expose children to benzene. These findings have, as far as we know, never been described before, and could be due to chance. However, the strength of the association and the duration trend are arguments for a causal association. These results need to be confirmed by further investigations. Hence, future epidemiological studies on acute childhood leukaemia, assessing specifically exposure to the most common hazardous substances emitted by petrol stations and garages, and especially benzene, would be useful.
